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DISSPLA software system the ability to select and 
graphically portray for analysis the critical design 
parameters of actual helicopters. It also allows a person 
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the ability to do a complete conceptual design of a 
he licopt er .at one sitting in accordance with the procedure 
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I. INTRODUCTION 

A. EACKGRCUND 

The heliccp+er industry, as in most industries, 
incorporates many of the attributes of its previous designs 
into its new products. New aircraft are generally built 
upon the successes of previous designs with minor changes 
due to technological advances. These technological advances 
usually relate to new materials and new methods of control 
but hardly ever result in drastic changes to the aerodynamic 
surfaces. These proven designs of the integral parts which 
have specific aerodynamic cha racterisri cs are well 
documented and extremely useful in the design process. It 
is essential for the designer to have this corporate 
knowledge of design trends for the design process as well as 
for the validation of his design. This knowledge of design 
trends is necessary for both the designer in industry and 
the student in a learning environment. 

Outside of specific helicopter companies, little has 
bean done to analyze the interrelationships that exist 
between design parameters. These interrelationships provide 
a bases for the simplification of assumptions and validation 
of design results. This knowledge needs to be available to 
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the design student just as it is to the design engineer so 
that the information can be used for an analysis or 
verfication during the design process. Therefore, it is 
important that this information be readily available and 
that the student have quick, easy and well defined access to 
this information. 

The retrieval and analysis of historical dara is but one 
part of the design process. The critical part is the actual 
process whereby a conceptual design is accomplished through 
many iterations. This process is long and involved but 
provides the design student with a basic understanding of 
the design process. For a more indepth study of the design 
process it is necessary for the studenr to vary as many of 
the design parameters as possible in order to see the 
interrelationships that exist. This process also allows the 
student to become intimately familiar with the problems and 
needs of the designer. 

To date, no known programs for the IBM 3033 have been 
prepared that will take the design student -hrough the 
entire process from historical analyses to conceptual design 
completion. 
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B. GOALS 

The objective of this study was to develop an 
interactive capability for the design student using the IBM 
3033 computer. The program, if used at the Naval 
Postgraduate School, should be capable of providing 
graphical representations of the critical data necessary for 
a proper analysis in the data analysis phase. During the 
conceptual design phase the program should allow for design 
student/computer interaction so that the design student can 
readily see the effects of varying critical parameters. To 
maximize the assets available at the Naval Postgraduate 
School, the Tektronix 618 dual screen system and the DISSPLA 
[Ref. 1] software system should be incorporated in the 
structuring of the computer programs. 

The programs should be designed primarily for the use of 
Aeronautical Engineering students at the Naval Postgraduate 
School enrolled in the Helicopter Performance, Helicopter 
Design, and Advanced Helicopter Design courses. 
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II. APPR OACH TO THE PROBLEM 

A. INTRODUCTION 

Th= basic approach was to write two computer programs 
utilizing the DI SSP LA software system for use on the IBM 
3033 using FORTRAN IV. The programs are completely 
interactive, prompting the user for all necessary 
information and then graphically depicting the information 
in the form of tables on the IBM 3278 screen or as a graph 
on either the Tektronix 618 screen or by use of the VER5AT5C 
plotter. If the Tektronix machine is used, the displayed 
graph can be copied directly using elect ro static copiers 
attached to each machine. 

B. ANALYSIS OF HELICOPTER DESIGN DATA 

The first program consists of a historical data display 
system that takes thirty critical design parameters and 
allows the user to select the parameters for analysis. The 
user can then specify the page format as well as the number 
of graphs per page of the finished graph. Subroutines 
within the program are as follows: 

1. Block data 

2. Data point identification 

3. Graphical display formatting 
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C. CONCEPTUAL HELICOPTER DESIGN 

The second program is written to correspond proceduraliy 
WITH THE H elic opter Des ign Manua 1 [Ref. 2 ] used in the AE 
4306 Helicopter Design course at the Naval Postgraduate 
School. The formulae necessary for the computation of each 
section is provided in lieu of subroutine use. This allows 
for quick and easy updating of the program as it becomes 
necessary. Also, if the student desires, it can be seen how 
the data that is received is computed. This program is 
completely interactive and requires only that the student 
have the information listed on the design specification 
sheet and the accompanying charts and references necessary 
for the required decisions during the design process. All 
tables and graphs are generated and displayed either on the 
IBM 3278 screen or the Tektronix 618 screen. Output for the 
tabular data is provided on a separate file and the single 
graph needed for design decisions can be obtained using the 
electrostatic printers. 

Detailed knowledge of the IBM 3033 computer is not 
necessary. A familiarity of helicopter aerodynamics and 
performance is, however, necessary for proper utilization of 
the program in order to obtain meaningful design 
information. 
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III. SOLO TI CNS TO THE PROBLEMS 



A. DATA DISPLAY PROGRAM 

Table I lists the thirty critical design parameters used 
most often in any analysis of an aircrafts performance as 
found in the Helico pter Performance Manual [Ref. 3]. 



Main rotor radius 

Tail rotor radius 

Number of main rctor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist cf the main rotor blade 

Twist cf the tail rotor blade 

Erofile drag of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width cf the fuselage 



vertical equivalent tiat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceilina (IGE) 

Hover ceilina (CGEj 
Length of th® tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



The above parameters have been deemed those most 



critical to the design process. The airfoil data has been 



extrapolated from NACA data and the specific helicopter 



TABLE I 



Design Parameters 
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performance parameters have been extrapolated from the 
various manuals for the specific helicopters. Tables III 
through X, Appendix C, list the specific data utilized for 
the study. 

Table II lists the helicopters used for the analysis 
portion of the graphing. 

TABLE II 

Representative Helicopters 



Military 


Weight 


Branch o 


Designator 


C 1 assi fic at ion 


Service 


AH -64 


Medium 


USA 


OH -6 A 


Light 


USA 


SH-3H 


Medium 


USN 


S- 76 


Medium 


USN 


UH-60A 


Medi urn 


US A/US N 


CH -54 B 


Heavy 


USA 


CH-53D 


Heavy 


USN 


CH -53 E 


Heavy 


USN 


All the 


helicopters selected for 


study were single 



rotor helicopters that are still in the active inventories 
of the agencies listed. The selections were made with 
deference to aircraft of the U. S . Army and U.s. Navy and 
then to a representative sampling of the three major weight 
classifications. 

The data from Tables III through X can now be graphed in 
the following combinations using the Data Display program: 

1. Simple X-X plot 
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a. Horizontal page format (11 X 8.5 inches) 

b. Vertical page format (8.5 X 11 inches) 

2. Two parameters versus a third 

a. Horizontal page format (11 X 8.5 inches) 

(1) Two axes on the abscissa scale 

(2) Two axes on the ordinate scale 

b. Vertical page format (8.5 X 11 inches) 

(1) Two axes on the abscissa scale 

(2) Two axes on the ordinate scale 

3. Two X-Y plots on the same page with a horizontal 
page format 

U. Three parameters versus one common parameter 

% 

with a vertical page format 
5. Four separate X-Y piers on the same page with a 
horizontal page format 

Figures 3.1. through 3.9., Appendix C, illustrate the 
capability of the program. The program was devised so as to 
allow the greatest flexibility for the analyst as to the 
graphical presentation. 



B. CONCEPTUAL DESIGN PBOGEAM 

The design process is in accordance with the procedural 
steps as outlined in the Hel ic o Pte r D esi gn Manual. The 
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program is devised so as to allow the design student, the 
ability to do a complete conceptual design at one sitting if 
he is properly prepared. The program lists all critical 
tables and information necessary for doing an analysis of 

the design and also provides the necessary information to 

prepare a written report. If the Tektronix dual screen 
combination is used, the student has a graphical 

representation of the total power curve at altitude 

presented to him which must be used to extrapolate critical 
design performance parameters. Figure 3.13. is a sample of 
the graphical representation provided. Sample output is 
provided in Appendix B to illustrate the capabilities of the 
program and the possible usefulness to the design student. 
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IV. 



RESULTS AND CONCLUSIONS 

A. DATA DISPLAY PROGRAM 

This program provided good results in use for the 
analyses of the design parameters considered, particularly 
in the correlation between commonly used ’rules of thumb* 
and graphical analyses of the same parameters. 

The capability of the program could be enhanced in 
several ways. First, additional single main rotor 
helicopters could be added to enable a more complete 
analysis to be accom plished. Second, the use of different 
scales, such as the logrithmic scale, for the graphical 
analysis could prove to be mors suitable for some of the 
parameters. Third, additional parameters that other 
companies have compiled in their technical manuals could be 
added for analysis. 

B. CONCEPTUAL DESIGN PROGRAM 

This program provided information consistent with 
existing aircraft. The interactive char acteristic of the 
program allows the student to actively participate in the 
design process and, most importantly, the program allows the 
student to vary parameters and see the effects of changing a 
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single parameter on the entire design process. If the 
student was prepared and had all the appropriate references, 
this process need only take an hour to complete one 
iteration of the entire process. This allows for multiple 
iterations, optimization, and parameter variation. 

One problem with the program is that it is only as good 
as the assumptions that have been made for the model to 
simplify the formulae used as given in Reference 3. A 
crude approximation to existing aircraft can be made with 
the understanding that the aircraft designed during this 
process is merely a conceptual design and the beginning step 
in the process for the final product. This model has been 
developed so that changes made to the course can be 
incorporated easily and that any corrections can be made 
quickly. This program also can be run cn any FORTRAN 
capable computer using the coding listed in Appendix 3. 
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APPE NDIX A 

A. USERS GUIDE TO THE DATA DISPLAY PROGRAM 

The program has beer written with the user in mind. It 
is completely interactive cnce the program has been loaded 
into the DISS PLA mode so than the user need culy read the 
instructions presented on the screen carefully. 

Use the following procedure to invoke rhe Dana Display 
program once the Fortran program resides on the users disk. 

1. Logon as normal at either a regular IBM 3278 
terminal or at a Tektronix 618 dual screen terminal 

2. Obtain the use of temporary storage space by 
entering the following: 

DEFINE STORAGE 1M (enter) 

3. When the PSW *00020000 00000000' appears on the 
screen type in: 

I CMS (enter) 

4. If the program has not been previously compiled on 
your disk type in: 

FORTGI HELODATA (enter) 

5. When the program has been compiled you are ready 
to enter into DISSPLA by typing in: 

DISSPLA HELODATA (enter) 

6. Follow the instructions given on the screen. 

If you desire a hard copy of the graphs do the 
following: 

IBM ter minal-- Exit the program and 

enter DISSPDP and then 
follow the instructions 



20 



TEK terminal — Press the hard copy button 
on the large monitor 

B. FROGRAM NOMENCLATURE 

MN EMONI C DEF INITIO N 



ANS 


General variable for reading keyboard answers 


B 


Number of main rotor blades 


BTR 


Number of tail rotor blades 


C 


Chord of a main rotor blade in feet 


C DO 


Profile drag of a main rotor blade section 


CDOTR 


Frofile drag of a tail rotor blade section 


CTR 


Chord cf a tail rotor blade in feet 


DL 


Disc loading of the main rotor system 


FH 


Frontal effective flat plate area in square feet 


FV 


Vertical effective flat plate area in square fee 


FWT 


Fuel weight in pounds 


HOVIGE 


Hover ceiling (in ground effect) in feet. 


HOVOGE 


Hover ceiling (cut of ground effect) in feet 


HT 


Height of the main rotor system above the 
ground in feet 


I 


Do loop variable 


IPAK 


Array for packing legend information 


KINDS 


Array for packing legend information 


LGH 


Length of the fuselage in feet 


LT 


Length of the tail in feet 
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LWT 


Load weight in pounds 


M GW 


Maximum gross weight in pounds 


OPTION 


Term used in Switch subroutine for page formatting 


OWT 


Operating weight in pounds 


PANS 


References page format selection 


R 


Main rotor radius in feet 


RC 


Maximum rate of climb in feet per minute 


RNG 


Maximum range in nautical miles 


RPM 


Speed of the main rotor system in RPM 


RPMTR 


Speed cf the tail rotor system in RPM 


RS 


Span of a main rotor blade in feet 


R ST R 


Span cf a tail rotor blade in feet 


RTR 


Tail rotor radius in feet 


TEMPI 


Dummy parameter returned from subroutine 


TEMP2 


Dummy parameter returned from subroutine 


TEMP3 


Dummy parameter returned from subroutine 


TIT ALT 


Program trip used in multiple axes plotting 


T WO AX 


References which axis has two axes plotted 


TWST 


Twist cf a main rotor blade in degrees 


TWSTR 


Twist cf a tail rotor blade in degrees 


VM 


Maximum velocity in knots 


WDT 


Width cf the fuselage in feet 


X 


Array returned from Switch subroutine containing 
abscissas for plotting 
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XANS 

X AN S 1 

XANS2 

XMAX 

XORIG 

XPOS 

X STP 

XTWO 

X2ANS 

XUANS 

Y 

Y ANS 

Y ANSI 

Y AN S2 
YMAX 
YORIG 
YPOS 

Y ST P 
YTWO 

Y2ANS 

Y 3ANS 



Answer referenced to X axis selection 

Answer referenced to multiple X axes selection 

Answer referenced to multiple X axes selection 

Maximum value of abscissa desired for plotting 

Minimum value of abscissa desired for plotting 

Array of values referencing subpier locations 
of acscissas 

Increment size between minimum and maxium of the 
abscissa axis 

Array returned from Switch subroutine containing 
abscissas for plotting 

Array for X axis answers for two graph option 

Array fcr X axis answers for four graph option 

Array returned from Switch subroutine containing 
ordinates for plotting 

Answer referenced to Y axis selection 

Answer referenced to multiple Y axes selection 

Answer referenced to multiple Y axes selection 

Maximum value of abscissa desired for plotting 

Minimum value of ordinate desired for plotting 

Array of values referencing subplot locations 
cf ordinates 

Increment size between minimum and maxium of the 
abscissa axis 

Array returned from Switch subroutine containing 
ordinates for plotting 

Array for Y axis answers for two graph option 
Array for Y axis answers for three graph option 
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Y 4 A NS 
Z 



Array for Y axis answers for four graph op-ion 
Array in subroutine switch for parameters 
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AFPENDIX B 



A. USERS GUIDE 10 THE CONCEPTUAL DESIGN PROGRAM 

The design program has been developed with the user in 
mind. The program is completely interactive in that it 
prompts the user for any inputs needed. The following steps 
should be taken to invoke the program and to get an output 



file useable for analysis. 



1. Logon as normal on either the IBM 3273 or the 
Tektronix 618 dual screen system 



2. Obtain temporary storage space by typing in: 



DEFINE STORAGE 1M (enter) 



3. When PSW *00020000 00000 000 •' appears on the screen 
type in: 



I CMS (enter) 



4. If the program has not been compiled on your disk 
yet type in the following: 



FORTGI DESIGN (enter) 



5. After the program has been compiled you are ready 
to run the’ program by typing in: 



DISSPLA (enter) 



6. You will be asked to enter library functions or to 
press enter. Press the enter key. 



7. You will then be asked if you want additional 
temporary space for shading, etc.. Again, press 
the enter key. 



8. Next you will be asked to enter any defined files 
that you want. Here you should enter the 
following : 
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FILEDEF 03 DISK DESIGN (fils name) 



9. After entering the above line the screen will 
flash and your FILEDEF should be listed on the 
bottom line of the existing FILEDEFS. If your 
filedef is listed press the enter ice y to start 
the program execution. 



10. Follow the instructions given on the screen. You 
will need the Helicopter Design Manual and the 
appropriate hahfout preferences Fo complete the 
process. 



11. If you are on the IBM 3273 terminal you will not 
get a graph, therefore, you must plot the total 
power data by hand and extrapolate the needed data 



12. If you are using the TEK 618 dual screen system 
a graph will be drawn of the total power curve 
ana its components at altitude which can 
immediately be used to extrapolate the necessary 
data to complete the entire design process. 



13. Note that the output file of all the information 
that you have computed is in the file that you 
have defined. To get your data type in: 



PRINT DESIGN (filename) (CC 



B. PROGRAM NOMENCLATURE 




M NEMO MIC 








A 


Sonic s 


peed at 


stan 


A ALT 


Sonic s 


pe e d at 


spec 


AASLY 


Average 


aircraf 


t se 


AFHPF 


Average 


flight 


hour 


AFHPY 


Average 


flight 


hour 


ALPHA 


Crdinat 


e interc 


ept 


ALT 


Maximum 


rate of 


cli 


ALTSC 


Service 


c a i li n g 


alt 


AMAX 


Steady 


flow sta 


11 a 



DEF INITION 

dard sea level 

ification density altitude 

rviceable life in years 

s per flight 

s par year per airframe 

of fuel flow- horsepower curve 

mb calculation altitude 

it u de 

ngle of the airfoil 
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ANS 


General variable for keyboard answer 


AR 


Aspect ratio of the main rotor system 


AREAMR 


Area of the main rotor disc 


A REATR 


Area of the tail rotor disc 


ARTR 


Aspect ratio of the rail rotor 


A R V S 


Vertical stabilizer aspect ratio 


AVAIL 


Availability of an engine 


AVAILM 


Availability (multiple engine) 


All 


Term in definition of THETA2 


A 12 


Term in definition of THETA2 


A 1 3 


Term in definition of THETA 2 


A 14 


Term in definition of THETA2 


A 80 


Vertical stabilizer angle of attack at 30 knots 


A90 


Angle of attack of the advancing blade (radians) 


A 1 6 0 


Vertical stabilizer angle of attack at 160 knots 


A 90 D 


Angle of attack of the advancing blade (degrees) 


A27 0 


Angle of attack of retreating blade (radians) 


A270D 


Angle of attack cf retreating blade (degrees) 


B 


Main rotor tip loss factor 


BETA 


Slope of the fuel flow horsepower curve 


BH 


Main rctor tip loss factor at a hover 


BL 


Blade loading of the main rotor system 


BLADES 


Number of main rotor blades 
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BLAETR 


Numter of tail rotor blades 


BS 


Term used in inboard stall analysis 


BTA 


Tail rotor tip loss factor at altitude 


BTR 


Tail rotor tip less factor 


B VS 


Span of the vertical stabilizer 


C DO 


Coefficient of drag of a main rotor blade 


CDOTR 


Coefficient of drag of a tail rotor blade 


CHORD 


Chord of a main rotor blade 


CHORDT 


Chord of a tail rotor blade 


CL 


Coefficient of lift of a main rotor blade section 


CLA 


Lift curve slope of a main rotor blade section 


CLM AX 


Maximum coefficient of lift for a blade section 


CL8 0 


Section coefficient of lift at 30 knots 


CL1 60 


Section coefficient of lift at 160 knots 


COLL 


Collective position (radians) 


COLLD 


Collective position (degrees) 


COMPAR 


Weight variance parameter 


CONST 


Constant value in ICAO formulae 


COUNT 


Counter variable 


CPC 


Correction to power coefficient 


CPS 


Correction to power coefficient due to stall 


CREW 


Number of specified crew 


CS 


Term used in stall analysis 
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at a hover 



CT 


Main 


rotor coefficient of 


thrust 


CTH 


Main 


rotor coefficient of 


thrust 


CTTA 


Tail 


rotor coefficient of 


thrust 


CTTR 


Tail 


rotor coefficient of 


thrust 


CYCD 


Cyclic 


position (degrees) 




CYCLIC 


Cyclic 


position (radians) 




Cl 


Cost 


of 


main rotor 




C2A 


Cost 


of 


tail rotor 




C2B 


Cost 


of 


tail rotor structure 


C 3 


Cost 


of 


body 




C 4 


Cost 


of 


landing gear 




C 5 


Cost 


of 


nacelle 




C6A 


Cost 


o f 


engine 




C6B 


Cost 


c f 


drive system 




C6C 


Cost 


of 


fuel tanks 




C7 


Cost 


of 


flight controls 




C 8 


Cost 


0 f 


auxiliary power 




C9 


Cost 


of 


instru ments 




CIO 


Cost 


of 


hydraulics 




C 1 1 


Cost 


cf 


electrical system 




C 1 2 


Cost 


0 f 


avionics 




C 13 


Cost 


of 


furnishings 




C 1 4 


Cost 


o f 


air and ice 





at altitude 
at sea level 
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C 1 5 


Cost of load and handling 


D 


Diameter of the rotor system 


D A270 


Blade angle of advancing blade (degrees) 


DELTA 


Fuel flow ratio 


DERR 


Error function 


DL 


Disc loading of the main rotor system 


D LA MB 


Term used in blade stall analysis 


DP 


Parasite drag 


DREF 


Acceptable error function 


DW 


Powerplant dry weight of an engine 


DWG 


Design gross weight 


DWM 


Powerplant dry weight (multiple engine) 


D 1 


Stall analysis parameter 


D 2 


Stall analysis parameter 


E FP AFF 


Effective flat plate area (horizontal) 


EFPAVF 


Effective flat plate area (vertical) 


El W 


Engine installed weight 


EIWM 


Engine installed weight (multiple engine) 


ENGS EL 


Engine selected 


ESHPR 


Estimated shaft horsepower required to hover 


EW 


Estimated engine weight from weight estimations 


EWNEW 


New engine weight using powerplant data 


EXCESS 


Excess weight 
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SI 


Stall analysis parameter 


E 2 


Stall analysis parameter 


E3 


Stall analysis parameter 


FL 


Factor for landing gear weight approximation 


FSLT 


Length of the fuselage 


FSLTS 


Specification maximum length of the fuselage 


FUEL 


Amount of fuel in pounds 


FW 


Fuel weight in pounds 


F WNEW 


Change in original fuel weight for printout 


GALIN 


Internal fuel weight in gallons 


GALOOT 


External fuel weight in gallons 


GAM 


Stall analysis parameter 


G WS PEC 


Specification maximum gross weight 


HL 


Life of the aircraft 


HOVIGE 


Specification hover ceiling (in ground effect) 


HP 


Hover power of the main rotor sysem (out of 
ground ‘ effect) 


ht 


Rotor system height above the ground 


I 


Do loop parameter 


IC 


Initial cost of an engine 


I CM 


Initial costs (multiple engine) 


IER 


Library function error code 


IF 


Installation fraction 


I HP 


Array for plotting 
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IB 


Inflation rate in 1977 dollars 


K 


Dc loop parameter 


KNOTS 


Increment for forward speed 


K NT 


Increment for fcrward speed 


K NTS 


Knots increment for table 


KS 


Stall analysis parameter 


LAMBDA 


Stall analysis parameter 


L AM 3 1 


Stall analysis parameter 


LAMFR 


Used for reliability calculation 


LCC 


Life cycle cost cf an engine 


LCCM 


Life cycle cost (multiple engine) 


LERR 


Acceptable error function 


LG 


Type of landing gear 


LOAD 


Loading used to find effective flat plate area 


LREF 


Acceptable error function 


LTR 


Length of the tail rotor 


M 


Figure of merit 


MACH 


Maximum allowable Mach number at sea level 


MACHT 


Main rotor system tip Mach number 


MAINT 


Maintainability of an engine 


MAINTM 


Maintainability (multiple engine) 


MAXRC 


Specification rate of climb 


M AX V 


Maxium forward velocity in feet per second 
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MCRIT 


Critical Mach number 


MCRO 


Zerc angle of attack critical Mach number 


MD 


Crag divergence Mach number 


MDT 


Mean down time of an engine 


MTBF 


Mean time between engine failures 


MTBMA 


Mean time between maintenance actions per engir. 


MTBR 


Mean time between repairs for an engine 


MTBRM 


Mean time between repair (multiple engine) 


MTIP 


Tip Mach number of the main rotor system 


MTTR 


TIP MACH HUMBER 0? THE TAIL ROTOR SYSTEM 


MU 


Advance ratio of the main rotor system 


MUTR 


Advance ratio of the tail rotor system 


N 


Do loop parameter 


N DEG 


Order of differential equation 


NENG 


Number of engines 


N EW USE 


New useful load 


N N 


Do loop parameter 


NRPL 


Number of engine replacements (real or integer) 


NRPLM 


Number of engine replacements (multiple engine) 


MW 


Number of landing gear 


NXRPL 


Number of engine replacements (integer) 


NXRPLM 


Number of engine replacements (multiple engine) 


OC 


Operating cost of an engine 
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OLD 


Previous gross weight used for comparison 


OMEGA 


Main rctor rotational velocity (radians) 


OMEGTR 


Tail rctor rotational velocity (radians) 


PA 


Specif icat icn pressure altitude 


PADJA 


Adjusted power at altitude 


P AD J S 


Adjusted power an sea level 


PALT 


Rate of climb pressure 


P AVAIL 


Power available 


PC 


Power to climb 


PCM PA 


Array for compressible power at altitude 


PCMPS 


Array for compressible power at sea level 


P EOPLE 


Number of people 


PI 


Induced power of the main rotor system 


PIE 


Constant for value of pi 


PIHP 


Induced power of the main rotor system in HP 


PITLF 


Induced power (IGE) at a forward speed 


PITLFA 


Induced power at altitude at forward speed 


PITLFS 


Induced power at sea level at forward speed 


PITLGE 


Induced power in ground effect 


? ITLGH 


Induced power at a hover 


PITLH 


Induced power at a hover 


PITLTF 


Induced power of the tail rotor in forward fligh 


PITLTR 


Induced power for the tail rotor 
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? IT RFA 


Induced power of the tail rotor at altitude 
m forward flight 


PITRFS 


Induced power of the tail rotor at sea level 
in forward flight 


PIVERT 


Induced power vertically 


PIX 


Array used for plotting of total induced power a 
sea level 


PIY 


Array used for plotting total induced power at 
altitude 


PM 


Preventative maintenance cost of an engine 


PMBS 


Elade stall power factor 


PO 


Profile power of the main rotor' system 


POC 


Profile power to climb 


POP 


Profile power at a forward speed 


POP A 


Profile power at altitude at forward speed 


POPS 


Profile power at sea level at forward speed 


POH 


Profile power at a hover 


PO HP 


Profile power of the main rotor system in HP 


POTA 


Profile power of tail rotor at altitude 


POTR 


Profile power for the tail rotor 


POTRF 


Profile power of the tail rotor in forward fligh 


POT RFA 


Profile power of the tail rotor at altitude 
in forward flight 


POTRFS 


Profile power of the tail rotor at sea level 
in forward flight 


POX 


Array used for plotting of total profile power a 
sea level 


POY 


Array used for plotting total profile oower at 
altitude 
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to clin fc 



PP 

PPC 

PPF 

PPFA 

PPFS 

PPOGE 

PPOGEH 

PPX 

PPY 

PRESS 

PS 

PSHP 

PT 

PTACH 

PTAH 

PTAVAL 

PTF 

PTF A 

PTFS 

PTH 

PTHOVS 

PTHP 

PTTAHP 



Parasite power 
Parasite power 
Parasite power at a forward speed 



Parasi 


te pc 


we r 


at alti 


tude at 


fo 


rw 


ar 


d s 


pee 


Parasi 


te po 


ver 


at s ea 


le 


vel at 


f 


or 


wa 


rd 


s pe 


In gro 


uni e 


ffect dista 


nee para 


me 


te 


r 






Ground 


effe 


ct factor a 


t 


a ho ve 


T* 










Array 


used 


for 


plottin 


g 


total 


pa 


r a 


si 


te 


DOW 


sea le 


vel 


















Array 


used 


for 


plottin 


g 


total 


pa 


ra 


si 


t 0 


pow 


alt itu 


de 
















Specif 


icat i 


on pressure 


a 


Ititud 


$ 










Stall 


power 




















Fhanto 


m sha 


ft horsepow 


er 














Total 


power 


of 


the mai 


n 


rotor 


sy 


St 


em 






Total 


power 


for the ai 


r craft t 


0 


ho 


ve 


T* 




Total 


power 


of 


the air 


craft to 


h 


ov 


er 






Total 


power 


available 
















Total 


power 


at 


a forwa 


rd 


velcc 


it 


y 








Total 


power 


at 


altitud 


e 


at for 


wa 


rd 




peed 


Total 


power 


at 


sea lev 


el 


at forw 


ar 


d 


spe 


ed 


Total 


power 


at 


a hover 
















Total 


power 


to 


hcver 
















Total 


power 


of 


the mai 


n 


rotor 


sy 


sr 


em 


in 


HP 


Total 


power 


of 


the air 


craft to 


h 


ov 


er 


in 


HP 
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PTTRF 


Total power of the tail rotor in forward flight 


PTTRFA 


Total power of the tail rotor at altitude 
in forward flight 


PTTRFS 


Total power of the tail rotor at sea level 
in forward flight 


PTTRH 


Total power for the tail rotor at a hover 


PTTRHP 


Total power for the tail rotor at a hover in HP 


PTVERT 


Total power vertically 


PTX 


Array used for plotting total power at sea level 


PTY 


Array used for plotting total power at altitude 


Q 


Production run guantity 


R 


Rotor radius 


RBS 


Retreating blade stall velocity 


RC 


Recovery cost of an engine 


R CLIMB 


Rate of climb 


R CM 


Recovery cost (multiple engine) 


R DC 


Research and development cost of an engine 


RDCM 


Research and development costs (multiple engine) 


RELY 


Reliability of an engine 


RELYM 


Reliability (multiple engine) 


R EV WE 


Revised empty weight 


REV WG 


Revised gross weight 


R HO ALT 


Density at specification density altitude 


RHOMH 


Density at hover in ground effect ceiling 


RHOS 


Density at service ceiling 



82 



RHOSC 


Service ceiling density 




RHOSL 


Sea level density 




RNGKAX 


Maximum range as per s pecif ication 




RNGNMX 


New maximum range 




RSHPC 


Required shaft horsepower for cruise 


RSHPME 


Required shaft horsepower for max endurance speed 


RSHRME 


Total required shaft horsepower for 


max enduracne 


RSHPRC 


Total required shaft horsepower for 


cruise 


RRSHP 


Required shaft horsepower 




RSHPM 


Required shaft horsepower (military) 




RSPEC 


Specification maximum rotor radius 




RT 


Stall analysis parameter 




RTR 


Tail rotor radius 




S 


Main rotor planfcrm area for weight 


esti mation 


SE 


Body surface area for weight estimat 


ion 


SC 


Specification service ceiling 




SFCC 


Cruise specific fuel consumption 




SFCM 


Military specific fuel consumption 




SFCN 


Normal specific fuel consumption 




S HP C 


Cruise shaft horsepower 




S HP M 


Military shaft horsepower 




S HP MM 


Military shaft horsepower (multiple 


engine) 


S HP N 


Normal shaft horsepower 
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S IG 


Pressure ratio 


SIGMA 


Solidity of the main r 


SIGTR 


Solidify of the tail r 


SIM 


Weight variance parame 


SPCLOD 


Specification useful 1 


STEP 


Variance parameter for 


STT 


Total tail surface are 


SV 


Salvage value 


S VM 


Salvage value (multipl 


TALT 


Rate of climb temperat 


TEMP 


Specif ication temperat 


THETA 


Temperature ratio 


THETAO 


Collective angle in ra 


THETA2 


Cyclic angle in radian 


TOT ALC 


Total cost of an aircr 


TRIP1 


Trips the program so t 
repeated 


TRIP2 


Trips the proaram so t 
repeated 


TRIP3 


Trips the program so t 
repeated 


TRIP4 


Trips the program so t 
repeated 


TRIP5 


Trips the program so t 
repeated 


T S HP 


Total shaft horsepower 


TTR 


Thrust of the tail rot 
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otor system 
otor system 
ter 
oad 

i teration s 

a for weight estimation 

e engine) 
ure 
ur s 

dians 

s 



aft 


in a produc 


tion run 




hat 


repsti ti ve 


questions 


ar 


hat 


repetitive 


questions 


ar 


hat 


repetitive 


questions 


ar 


hat 


repatiti ve 


questions 


ar 


hat 


repeti ti ve 


questions 


ar 



or 



TTP.80 Tail rotor thrust at 8 0 knots 

TTR 1 60 Tail rotor thrust at 160 knots 

TWIST Twist of main rotor blade 

TYPE Type of helicopter (light, medium , heavy) 

TYPEM Type of aircraft (ligh t, medium, hea vv) 

II Term used in defining THETAO 

T2 Term used in defining THETAO 

T 3 Term used in defining THETAO 

T4 Term used in defining THETAO 

USELOD Useful load desired 

VCR Cruise velocity as per specification 

VELMAX Maximum forward velocity 

VF Forward velocity 

VFWD Forward velocity 

V F8 0 Forward velocity at 80 knots in ft/sec 

VF160 Forward velocity at 160 knots in ft/sce 
VI Induced velocity in a hover 

VI NEW Induced velocity at hover 

V IT Vertical induced velocity at a hover 

VITNEW Induced vertical velocity at a hover 

V IT R Induced velocity of the tail rotor 

VITTR Induced vertical velocity of the tail roto 

VL stall parameter 
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V M A X 


Specification maximum forward velocity 


VMAXE 


Maximum endurance velocity 


VMAXF 


Maximum forward velocity in knots 


VMAXK 


Initial forward velocity for stall analysis 


VMAXR 


Maximum range velocity 


VOPT 


Optimum velocity for aircraft in ft/sec 


VOPTK 


Optimum velocity for aircraft in knots 


VS 


Forward speed in ft/sec 


VSK 


Forward speed in knots 


VTIF 


Tip velocity of the main rotor system 


VTIPTR 


Tail rotor tip velocity 


VTNEW 


Solution to fourth order differential equation 


WERT 


Vertical velocity 


ME 


Manufacturers empty weight 


MFC 


Cruise fuel flow rate 


MFC R 


Fuel flow rate for cruise flight 


MFM 


Military fuel flew rate 


M FME 


Fuel flow rate for max endurance velocity 


MFN 


Normal fuel flow rate 


MG 


Gross weight 


MGNEW 


New gross weight 


MXO 


Transmission and oil weight 


MXOM 


Transmission and oil weighr (multiple engine) 
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M 1 
W 2 A 
W 2B 
S3 
M 4 
W5 
W 6 A 
M6B 
M6C 
M 7 
W 8 
M9 
S 10 
Mil 
M 12 
M 1 3 
M 14 
W 15 
XO 

XRLG 

XS 

YMC 

YMCM 



Rotor weight 

Tail rotor weight 

Tail rotor structure weight 

Body weignt 

Landing gear weight 

Nacelle weight 

Engine weight 

Drive weight 

Fuel tank weight 

Flight control weight 

Auxiliary power weight 

Instrument weight 

Hydraulic weight 

Electrical weight 

Avionics weight 

Furnishings weight 

Air and ice weight 

Load and handling weight 

Radius used for stall analysis (inboard) 
Fixed or retractable landing gear 
Radius outboard analysis 
Yearly maintenance cost of an engine 
Yearly maintenance costs (multiple engine) 
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YOC 


Yearly operatin 


yocm 


Yaarly operarin 


ZCMPLX 


Array for libra 


ZHI 


Zero horseDower 



g cost of an angina 
g costs (multiple angina) 
ry function 
intsrc e pr 
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1310 IF (ENGSEL. NE.2. ) GC TO 1320 

CALL GRAF ( C., 10., ( MAXV+50. ) , ( -1000.*F LCAT( NENG) » , 500 
1 <1500.*FL0AT(NENG) I » 
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HIGH SPEED EFFECTS 









00 










4 












CM 










* 


* 










in cm 










* 


-* 










>o 










* 


-a 




* * 






>*<t- 










* 


-a- 




* * 






>00 










* 


■a* 




* * 






mtno 










•a- 


4 




* * 






H «0 








moin't 


* 


* 




* * 






CM O O 




monio 




vocnrocj 


* 


■a* 




* * 






CM • 




O' r— ir** h* 




vOr^a'O 


-a- 


-a- 




* o* 


^mO'^ocoO'OsON 




o o 




msorn^o 




fOvO'OO 


* 


-a* 




* o# 


^r^omroco^trsvf 




O 




>0ra*-«0 




fOCM>tO 


■a- 


-a* 




* • * 


cm m ao c\j aD in r- vu 




• 




CMO-TH 




aor-o • 




■a* 




* o* 


h co nq h- m 




o 








• • «o 


* 


-a- 




*>*•* 


4* oo ro O' in 4 * tn in 








• • • • 




000 


■a* 


-a- 




* rH* 


> o' >o CM >* CO eg hO 








h-aoocn 






* 


*a« 




* # 


• •••••••« 




• • 




1 ^ 1 ^ 






* 


* 




* * 


OOOHOOOOO 




• • 












* 


>0*-H 


* * 


1 




• • • 




• • • • 




• 


* 


* 


oo tn co 0 s O' 


* 11 * 


% 




• • • 








• • • • 




■a- 


or^m • • 


* * 






• • • 




•o • • 




• • • • 


*>r 


a- 


• • •O'r- 


* * 






• • • 




• LLI • • 




• • • • 


■a* 


* 


>inrsjNf ro 


* * 






•<X • 




• O • • 




a£ • • • 


4 


■a- 


vfNNHH 


* </>* 






• O • 




— »>w • • 




UJ • • • 




a* 


rsjvtr^ 






LO 


• 1— • 




OlU • • 




0 • • • 




■a* 




* o* 




2 


•O • 


CO 


aij • • 


00 


X • • • 


* 


04 








a 


• < • 


2 


oo • • 


H- 


3 •OCX 


* 


LU# 




* *:* 




M 


• LL • 


o 


-'X • • 


o 


X •LULL 


* 


oca- 




* * 




h- 


• • 


1— 1 


LU< • • 


LLI 


• corn 




►-i-a- 




*x* 




< 


• X • 


H- 


-J • • 


UL 


X •2.0 


* 


04 








O 


• Ol- 


< 


OUJ • • 


LL 


O *30 


* 


ora* 


i! 


* * 




3 


• mZ 


-1 


Z> • • 


LLI 


< «X 




UJ* 




* >* 




O 


•H-UJ 


3 


<H-» • # 




X • CL 


* 


(X* 


oc 


* H-* 




-J 


•o^ 


O 


H- • • 


X 


OCX LLI 




* 


UJ 


* •-«* 




< 


•UJO 


3 


OO • • 


o 


Q.IU02 


* 


ex* 


2 


* O* 




o 


• QdH-l 


< 


t-HU • • 


< 


~cn<3 




LLI* 


0 


■a* o* 






• oca. 


o 


JJ • • 


2 : 


hzsa 


i * 


34 


11 a. 


* o* 




QC 


• OIL 




OO • — 




3 


* 


O* 


n it 


* uj* 




UJ 


• OLU 


z 


>0—0 


0 


LUX LLI > 




O.* 


cX> 


*>* 




Z2 


• a 


o 


OOOlil 


LLI 


O OH 


* 


* 


OCQCLUH- tt 


* * 




O 


•—JO 


^4. 


uu 


UJ 


<IX4 M 




ULW 


UJUU-&HH 






CL 


•— 1 


H- 


JJC^ 


Ol 


JOUJJ 




O* 


220J(X 


* a:* 






• <QC 


H- 


<t<w 


00 


C& <J 


* 


l— * 


OOLmIU 


■a- <r* 




-J 


•H-IU 


<r 


XX — 




XQCUJ 


■a* 


O* 


CLO- 03 


4 34 




—I 


•07-3 




*— it— 


X 


O UJ*-* 


■* 


UL4* 


LU ►— ‘O 


#C£* 




< 


• O 


LL 


QQOh 


0 


X-JJ»00 


-a* 


* 


QLUJr— t/)LL 


* O* 




h- 


•oa 


a 


DOO'OvJ 


*-H 


00 


* 


X* 


UJO*-iUj 


*ll* 




l/> 


• or 






X 


OO OUJ 


4 


•— •* 


ot— iooq: — 1 


■a* * 






• <«x 


UJ 


I— it— t<^ <£ 




X«-» a: 


4- 


<* 


3LL<Q--J 


* * 






•O-J 


3 


OOII 




<hoa 


* 


X* 


OC0CX< 


* * 


•— ICMCOn^ • • • • LL 




• C0< 


o 


xxclcl 




>*-*<X 


* 


* 


Xa:<Oh 


* * 






»-2h 




OOJJ 




Oaioca 


-a- 


* 


1 — «Q-CLOLO 


* -a- 


<£ <t <1 <t H- h~ t— >— m 




0C •“•</> 


< 


00*3 <t 




<000 


* 


* 





* * 



\k2 



HIGH SPEED EFFECTS = 287.86 



% 



00 

00 

ULI 



CO 

• 

O' 

CM 

CO 



ID 

-J 

O 

2 

< 

-J 
— J 
< 

I— 

oo 

UJ 

Xo> 
1-UI 
UJ 
co a: 
<o 

XUI 

a 



o 

U-J 



013 



II 

00 



a: 

UJ 

> 

o 

X 

o 



< 

CC 

O 

a: 



h- 


UJ — 


H 


CM 


CO 




'O 


f*- 


CO 


O' 


t-4 


<un 


-IO 


• 


• 


• 


• 


• 


• 


• 


• 


< 


X • 


OUJ 


CM 


CM 


CM 


CM 


CM 


CM 


CM 


CM 




l-CM 


20 


H 


f-H 


<— 4 






r-H 


—4 


H 


UJ 


*-4 




















X 


>• 

HO 




















h— 


HHh- 




















a: 



a 

U- 



>o 


> — 


















UJ 


UJ 


H* CO 


>* 








>* 




M- 


<r 


3 


Ol 


hhH 


o' 


O' 


O' 


O' 


O' 


O' 


O' 


O' 


a 


xa: 


oo 


















Q- 


h-O 


oz 




r- 


CO 


O' 


o 




CM 


ro 








CM 


CM 


CM 


CM 


CO 


CO 


CO 


CO 


-1 


UJ 2 


UJ W 


H 


H 


H 




r-H 




•-H 


H 


< 


1 — < 


> 


















H- 


OX 




















O 






















h 



1*43 



TOTAL ROTOR POWER PROFILE 



i—i o go oo o o m O' m r*- o eg in 4* <m nm m so rg co m rn m om «-* m co o m eg -4" O' 

Kt a. r-i rg a* —i cnj in in co <m ro h* rH 4- rn oo o r- o m co c> so <r) r-4 so in 

hi 



a co oo rj in t\i o vO m o f-H in o ro in o o (\i r-< r-4 r^* i m f-H oo (\i ^ (M ^ c\j rn m ao co 

i— w (\i rH xo o o a> o> o cm in o vO ^ nj ,-i r-4 (\i m >o o> (\i oo in (\i r-< o o o (\i <i* in- on so <m ao in m r-4 r-4 
I cocor^somvtf^fOMHHooooooooO'-iHNrO'tincr^coa'rHfciinNcooNsf 



— * fna>' 4 -oo<t'vfO' 4 , o > cnrOfn^oo(\ico^st 

tLCLOOooooooooooooooooooO'4-rnsOr-40ogcor-'Of^rHO>CM^{Njr^v4-r^ 

PCX 

DoOOOOOOOOOOOOOOOOOOOoOOHHHfMm^inhOOOO O'ejogO'g^rg 
lO'— .-iminr^O'^Hcninooo^Hinr^oegminr^ 

j '4 , ininininin 

I 
I 
I 

Hu 
H 

-rom>t'Ocn'OOvOooc^r-4r^orno>^orsif s -0'(Njr^r^NOvOO(Mm^otnmcsj>f *4->Tv0cn 
|co o. o o m o eg o m r^* o o oo o m in i-« i-H cvj >o >o m ro >4“ o rn o o oo <m in O' >o oo co co o 



Ice co o O O *-4 eg sfr co m q\ r- oo O in m oo in r- eg «4- eg in m vom O' O' >o oo co 4* e- co gD cm O O' O' 
K—' ^-(^HogrninNOoo Oc\jinao(\jgDOir\Og3ogo' gD^rnejogcn-^ soenror^-rgoo 

cea. r-4r-4^rH(\|(\irnrn<t*<t*inin voe , -coo'O^Hejrn<f' gDr^O'O 

o 

-IQ. 

co bj 

co lj— in som co oo-oo o co m ininr-4inin <o co oa' g^ O' o oo cmn'4-^'4- m cru^ on o'U'mtn a> 

Q. m in eg >r o eg co oo >g- oo co eg in ro gD g^ -4“ in eg ro o o g3 gD f-H in sr co so o o O' -o 

cb III x • • 

IO coe- co ^ m in co eg gD o in — co o inro eg r-4 i-h eg m vi- gD a> eg in O' cn co m O' g^ eg O' r- 
loC w o> o' o CT» o O o o *-4 <-h eg ej ro m >4“ in in go oo (7N o *-i eg rn -T in g3 oo O' o eg rn in v0 co o »-g m 
Cl mmrnm>r Nr'TvfNr-r-r^r^fNf 'TNt-T'f 'T^'TininininininininingDgDgjgDg^vOr-f^r- 
I 
I 



Uu -*oo O' eg <r oo -o r» vt m *-< >4- O r-tO <t o CD r- in r-* <t oo eg r*. —i -h r- egr- vfr O' *-* o -o O' >4- eg co in 
ILJ Q- cc a t te vu a > eg w ' uu i >4 r-i a i u' a t w ' ou o i -u e t cu rg o t ce r-i o > sr u i n i n t >r »-« sr e i cj oj u ' -r 



X>X 



lj cn o g 3 in oo O' oo O' ej gD o m eg r- o e- vO e' ^ >o m o o o m g 3 o -g- O' m co g 3 eg eg 

^ , rn r-4 g^ o' O' co e- e* oo nt ce >r o so rn r-4 oo vO -t rn i-« o O' co r- o ^ sr -r ro eg eg cm r-H r-4 

*— • >T'Tcni'Ji-K-M-PUjr-r-sOinuHn>r>r>rmmo)cnmmegegcgi\iegcgrgegc\jegpgegrgrgigc\i 



Q OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

iu-ooooocooooooooooooooooooooooooooooooooo 

UJcO ••••••••••••••••••••••••••«•••••••••••• 

0 . 1 — oinomoinoinoinoinoinoinoinoinomoinoinoinoinoinoinoinoino 
locj ^HrHegejrnm>r <f ining^ gjr^r^aoaDO'U'OO— 4r-4egejrnm>r>riningjgDe-e*ooooo' 



\kk 



uj— coLT\(\ivi-c\i^o ^f-nOooco vfrMr-« 0 ' 4 -(\isor^cN 4 (Njco si-r^orvjcvjoorno'Of-iro 

K a. c\j r^- in o r^- m o O' co oo in in co >o o *4- ao o> o go rn o go ^ o si- o go f\j ro go no os4 o 

HX ••••• t •• i •••• t •<••«••••• t 



0 00 ao rjr^ vO ^4- c\j go eg r-i ao vO >t f\j o r^i (\J ao o ao ro unin ro so m in nj ^ m o in o <J- 

I— win* 4 -Ocvjrom(Mco^-r^c\i^.>i-c\j r -iOfH<\jrOvOO vt-cHf^nrocMoj'O <t*<Mmcor-iinon<Ma> 

1 cocor^r^'Oinsj-fnrvjHHoooooooooOHMNro^in^^ocMm^'Or^ooMrri 



— a>M-' 0 'Oininr^ro^or^ocrcMO'cnM-' 4 -cM' 4 " 

b.Q.oooooooooooooooooooO'tHONMn'OHCoinin'OfOfnHfomHfn 

PCX 

OooooooooooooooooooooooocoOM-cM«~ 4 oor-oaoM-cocra>aor^r-r^ 
lu )o w rH min r- o m oo go in co oo*-4 cm co <j-m 



cl 

ZD 



rM f-i cm m *4- M- vj- in in in in m in 



< 

cL 

LULU 



Hu 



jq. NrGoinmooh'CM'OOM-njcMh'OO'O^inoinminr-ifM— ir-mcoin^rr^M-r^r^incMoh' 

hz |ooa.oocMO N njM-sOOoo^GOcominr^^(>cM' 4 -ina'h-cMtncMnr^inmnjM"CMr^cMOO' 0 — * 

LLLU KX ••••••••••••••••••••••••••••••••••••••• 

OH- |0^00OOOOCMNHH*CMG0ininv0Oh-'0C0M-fMinr-ir-*in'4"00N0Oc0CMfM00O0000vf maOCMCMr-i 

cl Kw f -< r ^cMro'4'^or s -cr^-iM-r^-0'4-cocMr^cMooM-*Ha'i s -ininNrinsOcooM-coro 

o.Qqc:cl HHfH(\j(\j(\jrorOvt' 4 -in' 0 >Of^coo^Or- 4 f\jrnin'Oh- 0 ' 

2 TLU I,— t 

a :<3 
LU O 
XLUCL 

OO Hu 

cl 3 lj co M" m n f-i m* r-«^H in cm m qo NOaomiM^oc?* cm (J'O^ m o ^ 'O ^4" in oo^r^-r^- oovoo 
h- MCL^morH'U>oocor-icocMnino'>cOnHcrr-ir^oocMcMUom'Um'4-<7'OmnjM-njmoO'4-mr* 

CL *-H ILLX • ••••••••••••••••••••••••••♦••••••«•••• 

OH- kDoor^H-ooOocMLnr-r^HM-cocOGOrnO vOCMOH-inMrOCMCMCMmM-^nr-OcOOOM-aoM-CTun^ 
H-— j to^^'OsO' 0 "OH-r^H-H' 00 ooaoa'croOr-«cMmm>rin'Or*-oocrOf-icMmin'OH-o N o^-icovHOoo 
to. mmmmmmcommmmmm' 4 -'T' 4 -M-^>^^' 4 -' 4 -' 4 "' 4 ->rinintninininininsO> 0 'OxO' 0'0 



a< 

CL 



-JO | 

<•-< I 
^H- |Q 

0< HU'— M- »-HCOOin»-ico»-iU'roH- <J"M-or^rOvOOfMOOrOsOr-icMsOconia^mooH-coinor^fri m-cm 
iljclcjcmi— »^ jauo»Lj4Mi'->rNU»^iMu\'4jr-WNr ujr^n-u tu'ouu'r-iM’ 'i/vyu\r-i>Tu mu' l->«j 

- OX 

a. o to *-un o no in so cm co r^- r- co m in cm m ao in in h- r-i so m *-* »-h cm in o^o cm O' >o m m 

*— • 2 wu'r-(\iii , ivou^«Tstsr^cf'i i naO'TON <t*-h o' r- in <r cm c-iocr* to r— vO min M" m cn cm cm <m cm 

O *— I M“ M’M-COCMrHL-icrcur- vU'Ointnu^sTM- "Tn^mrOmmrOlOCMCMCMCMCMCMCMCMCMlMlNJCMCMCM 
UJ 
Q. 

to 



Q OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
LU — OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO oooo 
LUOO ••••••••••••••••• I ••••« t •••••• I •••• I •• • 

o. ^ o ino no in om on o in on o in o in oin o in o in oin o in o in o ino in o mo mo 
too r-H cm cm o > ro >r M“ n in vO ^ n- ao oo a> cr o o cm cm cn o^'vT n nsOvOP-r- cocoes 



CCZ 



1^5 



THE REQUIRED SHAFT HCRSEPOWER IS = 3013.56 



OO'OOOOOOOOCOCOOO 
O. «A • • • *0000 A AO • 
O tOfOOO • • • •h»0>(T^O 

in in m O'OcomomO' «o 

r^vOr-J^NO • • rH > 4" 
CNAOO A 



ornoooooooor-ooo 
••H • • • •OOOO'OfNJO • 
eg | luO •OcnjoO • • • •'OC'OO 
a l coaoo 'J“cor\j<fegsOO> «o 

IAhO sQ'^rH'O.H • #rHtn 

A I rH coaoo eg 

H 
<*• 

A i oooooooooor-ooo 
•A • • • •AAOor-AA • 
QO> lOfOOO • • « •O'G'nQO 
LU OvJ-O sOe-O'OcO'OO' «o 

H <2 r^^co Am^coco • «oco 

iomm -tcnjoo *-i 

hhqzo 
L UZ 

qZ H-UJ oaoooooooooaoo 
ujm «a> • • • •o^ooooa • 
3 a: .ho a «OfOOO • • • •oo>rg*-» 
oo <moo cooomg*coo' «vo 

Ql | >4“ .—4 CO A A 00 'O • iOA 

ujx i r-<r oo —4 

ao | 

qZhh | 



or^oooooooococooo 

X •I s *. • • • • O O OO A A O • 
O • O OOO • • • •NOffl O 
OO A Org^O OO AO «o 

iaa^ virnfnO'csj • •.hco 

H HH OJHOO 'O 



oe-oooooooor-ooo 
• eg • • • •ooooocgo • 
LUO »OvfOO • • • •OO'OO 
AgOO 00 A OOvi* vQ o «o 
i— 4 a O rgOcNJogrg • »ho 

H H rH NOOQ A 

HH 



I OO'OOOOOOOOSOOn 

I «o • • • »oooONfn a • 
I Oco «o aoo • • • #OO 0O 
H00O CNjArHcg^ogOO «o 
< — vtrgco r-e-ojr-r- • «o a 

A rH WOO A 

CC'** 

LULL! 

1 — 2 : oaoooooooooaoo 

hh #0 • • • •OOOOOOA • 
ocoogo • O AOO • • • «ooegrg 
02 g*Ho gooegsococoo «eg 

UJ co eg co H'OHvOcg • *Oh 

2 —4 A A OO A 

ueg rH 



a I- I 

XO I 
UJ I 
1-0 I 
ULLU I 
<A I 
X I 
ALU I 
I 



onooooooooaaoo 
• o • • • •ocoooaoo • 

OCO *0 AOO • • • • A CJ> A CO 
CO A A OlA^inOCOO' «o 

eg e- hh a co • tOh- 
rH oo 



o 



UJ 

A 



| O AOOOOOOOO AAOO 

| #0 • • • iOvOOOaOO • 

i co^o • o gooo • • • •A^Ago 



e-H a ooooocoa> «.h 

A »h r^» egA r*-go • #Og- 

eg*H oO i—4 



t\J 

ft) 

• 

A 

rH 

A 



A 



Qhh 


•O 


• • • •A'4’A'4“AOA • 


HH 


#0 • • • • O 00 »H CO AC' A • 


CL 




LUO 


<C0 •O'tOA • • • • Aco AO 


O 


<nO • OCO OvO • • • • ACO AO 


UJ 


r^A 


0:2 


aao O'e-fMA^coa^ «eg 


2 


H'O O CO A nJ-H CO CO O' 


3 


oeg 


hh LU 


rH 


O egr- • •O'J' 


UJ 


A O HH Avf • «OCO 


O 


• • 


O 




rH OO 




egnoo 


CL 


AO 


O 










UJ 


COO 


UJ 










A 


Avt 


ac 


• • •• 


• • •• 




• • •• •« •• 


oc 


r— ao 






1— — •• •• •• 




— — h — •• •• •• 


LJ 


*H*H 


UJ 


COX 


2 •**— 




COX 2 •• iZ — — — 


X 




X 


-JO 


UJ — O-J 




-JO UJ — 4*:Z O— J 






h- 




X •• M 2*-* 




wH x •• •« •« 2 h 


I— 


11 ir 




r — uj — •• **i— — — ••lux 




r— <** •• uj— •• -Hh— w— — uj 


X 




•* 


Xw 


‘~A*— iZO— w | 




X'— | 


< 


l-K 



— ahAc^^hOA^zoa. 

a Mt/jo:jw^v)OU^iiJZhX 

^ UJUXUA'-'O UUJ'-UJMCO 

LU 

2 UJcZAI— | — I — J 1 — >- 1— i LU 

hh KLULL OlOH<2<mHcQO 

O ZJ*Hu.uoza:uj>UM<2 

2 <OJO OhhUJX HJZ< 

UJ -J> O <Q. LUUICOhhhhX 

cloujoz jzouo<cD<a: 
eg a: i 2 tuo< <<o<h-o 

uj UJ hh CD 2 hh Qt: (X > hh *-h 21 x 
CL 3ilOS<I-«Q — I<_Jhhqc 

O Ow2D 2 luujuj<>lu<uj 

u. a — iiiJ 2 a:^»a:A<a: 5 :cL 



0hA<^l-CA^20>a. X xx 

MAa-J^AUO^UJZHI a oo 

UOlaA^U OUJ^UJ*— »A 
XU'-lUI-AULU O UJUJ 

LUQZAt— »— H-Oh->**-<LU uj 3 3 

I— LUX OAK<2<M»-flOO X 

2jmU.UO201UU> Jh<2 hh AA 

<000 OHHUJX t-ijz< 3 AA 

— I> O <CLUJUJCOhhi-hX a OO 

cloxiqz J5:Ouo<cQ<a: lu clcc 

CL » 2LUQ< «-J<»-0 CL oo 

UJ UJ HH CO 2 HH QC CL J>M^ZlL 
2iLOZ<h«o.j<jH<a: uj 03 

OmZ3 ZUJUJIU<>IU<UJ X -JLLJ 

a.— juj2Q^HH>>Qt:A<afXa. f- 02 



1 46 



o 











LU 




1 




CM 




H* 




1 QC 




• 




O 




1 UJ 




H 




2 




1 3 




CM 




*-« 




1 O'O 




CM 




2 




j Om 




CM 








1 • 








a: 




1 ujr^ 








LU 




1 L/)r-l 




11 




a. 




1 HHin 




LU 


vTf*— 




O 


i 




O 


mo 


i— 


O 


l a: 


CO^^CM vf in 


O 


• • 


UJ 


• 


1 o 


(Njo^r^sO in 


H- 


00 n 


LU 


O 


i 


vfsoroa>oo h- 


»— 1 


nOoo 


LL 


O 


i 


• • • • • • 


h- 


min 




O 


» 


'4" 0 0 h 


O 


toaor- 


O 


CM 


CO 


OCMCM m 


< 


CQrHr" 1 


O 


H 


LU 


inoosO m 




O 


• 




h~CC 




h- 


CM 


O 




<LU 




< 


*-H || || 


O 


11 


0:3 






• 


00 




OvO 


II II II II II II 


h- 


O' to 


m 


to 


3Q.ro 




2 


in *-* 




*— « 


O • 




LU 


O' 






-l-J'f 




2 


mtoh- 




LU 


U-<LO 


h- 


LU 


hX 


to 


O 


2:00 


Q. 


QC 


0 




O 


_Jc£ *— 1 


LU 


O 


1— •-« 




h- 


LUO 


LU LUO 


2 


II X LU 


CD 


>— < 


02 


□ aa 




03 


2 


h* 


LL 


OOUJ 




*— » 


*— • 


-J 


1 


h-H- h- 


c£ 


LUtO 


O 


< 


1 


hh2 


LU 


CO 3 tO 


O 




1 


HI " 1 1 


-£ 


*“• CJ 






1 


OO LU 


O 


toae 


LL 


2 


1 CC 


— <<010 


Q- 


h-tOO 


C 


»— « 


1 LU 


CC~ LUO 


iu 


IO 




-J 


1 


W LL UU3t“ 


to 


ouu 


LU 


*— » 


1 OO 


CO JUJLUOh 


CC 


hOoi 


fr— 


LU 


1 0.0 


LUQ.tOQ.a.Q.1— 


0 


LU h- 


< 


O 


I • 


a: ^O0 CO to LUO 


X 


32< 


CC 




1 ><M 


O O0< 




02 




CC 


1 a :<r 


h—LUl— h— H-OC 


0 


• 1 — 1 


H* 


LU 


1 1 


<^<«Oo 


CC 


LUtOI— 


co 


> 


1 h-CM 


oco X’JJ 


LU 


OLUtO 


UJ 


a 


1 •-* 


luco<<< a. 


rsl 


LLQLU 


CO 


X 


1 -i 


anoxi— i-*oto 










1 M 


2lUJQ. LU Oc£ 


LU 


ujlulu 


UJ 


LU 


2: 


LuoroxujiuK 


X 


XXX 


X 


X 




h— Q_ <1 h- Qr^sJ <[ 


h- 


h-h-*- 


H- 


1 — 



1^7 



THE SERVICE CEILING ALTITUDE IS = 21Q00.00 



Vj-OOOOOOOOOOCNJOO 

2h • ••••••••• • 



o 


OOOO^OOOOOO 


o 


►— « 


ooONONNNmiao 


o 


CO 


i^OOhh cm ao 


vO 


UJ 


CO 


CO 


a 


fNJ ^-4 





CO in — * O O CO O CM —« LO vf 00 o r*- co O —< <M 
t • • # sor^ o^oo^'T cocMOsfr^coo 



QOinCT'O • • 
nOOO ~*o 
rOOvO CM 
00 O> 



• •CM • • 

ON'Oom 

o o 



*-H •CM • • • • 

OrsJCMLOOO'OD 

•c\jr-Hirunc\|Ln 

0*HCM 



o o 



o 



H^OOOOO 


oo 


O 


o 


o 


1 — • • • • • 


• • 


• 


u 


O 


< oootoo 


oo 


o 


• 


• 


O LTiOOcO'O 


LOO 


o 


O' 


o 




OsKTi 


o 


CM 


tA 


ll mr-<M 


C\l 


00 







o 

LO > 
UJ aC 
Q < 
'OX 
aCOX 
UJCOX 
h-^cO 
a. tu 



a<o 
o < 




111 IL 



X 



LU 

o 



< 

X 

a: 

a 

LL 

aC 

UJ 

CL 



O 


























UJ 


























a. 


























(/>••• 


• • • • 


• • • • 


• 


• • 




• 


• • 


• • 


• • • • 


• • 


• • • • 


• • • -J 


• • • 


• • • • 


• • • • 


• 


• • 




• 


• • 


• • 


• • • • 


• • 


• • • • 


• • «o< 


• • • 


• • • • 


• • • • 


• 


• • 




• 


c • 


• • 


• • • • 


• • 


• • • • 


• • • QC o 


• • • 


• • • • 


• _J • • 


• 


• • 




• 


• • 


• • 


• • • • 


• • 


• • • • 


• • 9<t 4-4 


• • • 


• • • • 


• -J • • 


• 


• • 


> 


• 


• • 


• • 


• • • • 


• • 


• • • • 


• • 


• • • 


• • • • 


• < • • 


• 


• • 


ac 


• 


• • 


• • 


• • • • 


• • 


• • • • 


• • •nCQC 


• • • 


• • • • 


• h- • • 


• 


• • 


H- 


• 


• • 


• • 


• • • • 


• • 


• • • • 


• • «OUJ 


• • • 


• • • • 


•CO • • 


• 


• • 


LU 


• 


• • 


• • 


• • • • 


• • 


• • • • 


• • ®LL> 


• • • 


• • • • 


• • • 


• 


• • 


X 


• 


• • 


• • 


• • •> 


• • 


• • •> 


• • • 


• • • 


• • • • 


• LU • • 


• 


• • 


o 


• 


• • 


• • 


• • • *- 


• • 


• • •!— 


• • •— * 


• • • 


• • • • 


•o • — 


• 


• • 


UJ 


• 


• • 


• • 


• • «M 


• • 


• • • M 


• • • K 


• • • 


• • • • 


•c «z 


• 


• • 


o 


• 


• JJ • 


• cO 1—0 


• • 


• •H-O 


• • »LL 


• • • 


• • •UJ 


•-J •►-• 


• 


• • 




• 


• -<*£ • 


•UJ20 


• • 


• *20 


• • •— » 


• • • 


• • *o 


• CO #x 


• 


• > 




• 


• 22 • 


•Quj -J 


• • 


• •UJ— J 


• • • 


• • • 


• • «2 




• 


•OC 




• 


• aCaC • 


• <t*“ ILL! 


• • 


•CO >-•111 


• • •< 


• • • 


• • •< 


•o •►— 


• 


•< 




• 


• UJUJ • 


• oo> 


• • 


•uuo> 


• • #UI 


• • • 


• • •00112 «LL 


• 


• h- 




CO 


•►— •* 


aj*— « 


• •< 


-*Q M 


• • «oc 


• • • 


• • OcO^ •— ■ 


• 


•*— * 




CO 


• 2: 


X — 1 


h* U 1 


• — *1 


^-<U-_J 


•— •< 


• • • 


• *XQ 2 H- • 


• 


• -J 




o 


• -^LUH- LLU_LL< 


• f— U ILL < 


• 1 — • 


• * • 


•LUDZ <<1 «CQ 


• 


•«— i 




QC 


• 1 


U.' 


wOLU 2 >LL^CQLU 2 >*LL •UJ 


• • • 


• OO^UJoCUJ .x 


• 


•X 




o> 




OOhw 


OOhw^O 




• •— • *— t 


cC~* ++ 


• 


• 




1 


— — 


cOoCO*— 4 i 


— t < 


l/)qCO*— i*-h i H-<I 


• -*H- 


OXXXhwj 


• 






XCL-J 


OXUJ hOODlii h-0<LL-J 


• t/JU- 


•OL<Z.«*<LUJ JLU 


• 


IU 






OC' 


— 'OJ<JJ<L« 


— • oc oj lj <l • uj a. 


• CO*-* 


•urzso'z 


• 


•CO 




XUJO 












• -JO 


• 


wild: 


•CO 






w 


I<n a ; 00 X< 3 Q' 00 <XH 


•^2 


— ■ — 


OLU 


•— » 




1 




ua^Qrcwua.zQaw t— <r 


• i/I 


uj ajLu 






>- 










JOJ 




o LUX a. CL 




— 


1 — 


1 




1 




»— «2U. 


•o»— •* 




2h-X>X 




CO 












<LU 


• _JLU 


w 


<t <X 2 H*cO 




GO 


O 


cC 




oc 




h-OI— 


• OUI 


oca: 








-J 


< 


o 




o 




2 


• -J « 


o> 




1 






w 


CL 


h- 








OUJUJ 


• <tUJ 


XX 










< 


O 




o 




<OJ 


• 20 


1—4 


DDUJ 






1 — 


O 


QC 




OC 




o<< 


•oC*-*a:o 


xxz 






X 














3UJ>UJO 




-H 






o 


_J 


2 




— J 




l-UJ^ 


LUH-aC > — J 


xxo 






H - 4 


UJ 


1—4 




M 




0 CC 03 


clZujcuj 


<<z 






UJ 


X 


< 




< 




UJXO 


0 *-hcox> 


S 3 IUJ 






3 


LL 


X 




1 — 




>LLLU 



148 



COST ANALYSIS PER VEHICLE <IN OOLLARS FOR 100 A/C 
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TOTAL CCST PER VEHICLE = 2525889.00 



APPEND IX C 



TABLE III 
AH-64 Data 



Paramet er 



Value 



Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of th 3 fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceilina (IGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



24.0 feet 
4.6 feet 

4 

4 

12.6 feet 
30.3 rads/sec 

147.0 rads/sec 
1.75 feet 
0.83 feet 
18.8 feet 

3.1 feet 
-9.0 degrees 
-8.8 degrees 

0.009 

0.009 

8.1 

3.96 feet 

49.1 feet 

34.7 sq ft 

45.8 sq ft 
154 knots 
246 n m i 

2490 ft/min 
14,200 feet 
11.000 feet 
29.7 feet. 
11,010 pounds 
2,020 pounds 
1,620 pounds 
14,650 pounds 
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TABLE IV 



OH-6 A Data 



Pa r a met a r 



Value 



Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat elate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling fl G E) 

Hover ceiling (OGE) 

Length of the tail . 

Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



16.3 feat 

4.3 feet 
4 

2 

7.0 feet 

49.2 rads/sac 
315.0 rads/sec 

0.57 feet 
0.40 feet 
11.5 feet 

1.4 feet 
-9.0 degrees 
-9.0 degrees 

0.009 
0.009 
8 . 1 

4.57 feet 
23.0 feet 

5.0 sq ft 
10.8 sq ft 

1 16 knots 
330 nmi 
500 ft/min 
7,100 feet 
4,200 feet 

15.2 feat 
1,160 pounds 

960 pounds 
400 pounds 
2,520 pounds 
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TABLE V 



SH-3H Data 



Para met er 

Main rotor radius 

Tail rotor radius 

Number of mam rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist cf the main rotor blade 

Twist of the tail rotor blade 

Profile drag of -he mam rotor blade 

Profile drag cf • u he tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



Value 




31.0 


feet 


5.3 


feet 


5 




5 




14.3 


feet 


21 . 3 


rads/s 


130.0 


rads/s 


1. 52 


feet 


0.61 


feet 


29.3 


feet 


4.0 


feet 


- 8.0 


degree 


0.0 


degree 


0. 0095 




0.0105 




6.96 




7. 08 


feet 


31.3 


feet 


31.3 


sq ft 


36.0 


in 4 ^ 


120 


knots 


505 


nmi 


500 


f t/min 


3,700 


feet 


4.000 


feet 


36.6 


feet 


13,600 


pounds 


1,760 


pounds 


5,640 


pounds 


21,000 


pounds 
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TABLE VI 



S-76 Data 



Pa r a meter 



Value 



Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile draa of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE1 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



1 



22.0 


feet 


4.0 


feet 


4 




4 




10.0 


feet 


30.7 


rads/sec 


168.0 


rads/sec 


1 . 29 


feet 


0. 54 


feet 


17.0 


feet 


3.3 


feet 


-10.0 


degrees 


-8.0 


degrees 


0.009 




0.015 




8. 1 




7.00 


feet 


43.4 


feet 


11.6 


sq ft 


30.0 


sg ft 


155 


knots 


404 


nmi 


425 


f t/min 


6,200 


feet 


2.800 


f Apr 


26.5 


feet 


5,600 


pounds 


2,520 


sounds 


1,880 


pounds 


0,000 


pounds 
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TABLE VII 



U 9-60 A Data 



Para met er 

Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the -ail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum grcss weight 



Value 




26.8 


feet 


4.0 


feet 


4 




4 




11.2 


feet 


27.2 


rads/s- 


125.0 


ra ds/s 


1. 75 


feet 


0.81 


feet 


29.3 


feet 


4. 25 


feet 


- 18.0 


degree 


-18.0 


degree 


0.008 




0.008 




8.95 




7. 75 


f oof 


50.1 


feet 


25.7 


sq ft 


30.8 


sq ft 


156 


knots 


275 


nmi 


200 


ft /min 


7,800 


feet 


3,900 


feet 


§1.5 


feet 


1 0,680 


mounds 


7,270 


pounds 


2,350 


Dounds 


20,250 


pounds 
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TABLE 7 III 



CH-54B Data 



Parameter 

Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of xhe tail rotor 

Span of the main rotor 

Span of the rail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag cf the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselage 

Frontal equivalent flan plate area 

Vertical equivalent flat* plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



Value 




36.0 


feet 


8.0 


feet 


6 




4 




17.6 


feet 


19.4 


rads/sec 


66.0 


rads/sec 


1. 97 


feet 


1.28 


f 


29.8 


fist 


6.45 


f 99 ^ 


- 8.0 


degrees 


- 8.0 


degrees 


0.0095 




0.0105 




10.3 




7. 08 


feet 


70.2 


feet 


65.0 


sq ft 


99.4 


sq ft 


1 10 


knots 


200 


nmi 


189 


f t/min 


6,400 


feet 


2.400 


feat 


44.5 


feet 


1 9,230 


pounds 


14,190 


pounds 


8,580 


pounds 


4 2,000 


pounds 
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TABLE IX 



CH-53D Data 



Pa ra meter 



Va l ue- 



Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the rail rotor 

Chord of the main rotor 

Chord of the rail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag cf the main rotor blade 

Profile drag cf the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Length of the fuselaoe 

Frontal eguivalent flat plate area 

Vertical eguivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover ceiling (IGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum grcss weight 



36.1 

8.0 

6 

4 

15.8 



4 

0 



19 
83, 

2. 17 
1 . 28 
28.9 
6.45 
- 6.0 
- 8.0 
0 . 0095 
0.0095 
10.3 
8.83 

67.2 

47.3 
90.0 

1 64 
242 
625 
14,000 
8,000 
44.5 
23,630 
14,030 
4,340 

a 2 , 0 00 



rse- 

fee- 



reer 

rads/sec 

rads/sec 

feet 

feet 

■fpcf 

f t 

degrees 

degrees 



feet 
feet 
sg ft 
sa ft 
knots 
nmi 

ft /min 
feet 
feet 
f 9 

pounds 

pounds 

pounds 

pounds 
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TABLE X 



CH-53E Data 



Pa ra meter 



Value 



Main rotor radius 

Tail rotor radius 

Number of main rotor blades 

Number of tail rotor blades 

Height of the main rotor system 

Speed of the main rotor 

Speed of the tail rotor 

Chord of the main rotor 

Chord of the tail rotor 

Span of the main rotor 

Span of the tail rotor 

Twist of the main rotor blade 

Twist of the tail rotor blade 

Profile drag of the main rotor blade 

Profile drag of the tail rotor blade 

Disc loading of the main rotor system 

Width of the fuselage 

Lenath of the fuselage 

Frontal equivalent flat plate area 

Vertical equivalent flat plate area 

Maximum forward velocity 

Maximum range 

Rate of climb 

Hover celling fIGE) 

Hover ceiling (OGE) 

Length of the tail 
Operating weight 
Load weight 
Fuel weight 
Maximum gross weight 



38.5 


feet 


10.0 


feet 


7 




U 




16.0 


feet 


18.7 


ra ds/s- 


73.0 


:ads/s 


2 . 44 


f set 


1 . 28 


feet 


28.6 


feet 


8.53 


feet 


-13.6 


dearee 


- 8.0 


degree 


0.009 




0 . 0095 




15.0 




8.83 


feat 


99.0 


feet 


120.0 


sq ft 


63.6 


sg ft 


146 


knots 


400 


nmi 


325 


ft/min 


6,000 


f 9 9 


1 .400 


feet 


48. C 


feet 


24,790 


pounds 


15,480 


pounds 


2 5,480 


pounds 


73,500 


pounds 
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HELICOPTER DESIGN 

AE 4300/4800 
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Figure 3.1. X-Y Plot (horizontal page format) 



HELICOPTER DESIGN 

A£ 4300/4900 «.ch-m« 




Figure 3.2. X-Y Plot (vertical page format) 
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HELICOPTER DESIGN 

AE 4300/4800 
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HELICOPTER DESIGN *Hs 

AE 4306/4900 4.«-7* *-'cm-** 




10 2.0 1.0 4.0 6.0 6.0 7.0 60 6.0 

TAIL ROTOR BLADE SPAN(FT) 

Figure 3.4. Multiple X Axes Plot (vertical page format) 
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Figure 3.5. Multiple Y Axes Plot (horizontal page format) 




MAIN ROTOR SPEED (RPM) 



HELICOPTER DESIGN 
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Figure 3.6. Multiple Y Axes Plot (vertical page format) 
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MAXIMUM QflOSS WEIGHT (Li) 



HELICOPTER DESIGN 

AE 4300/4800 
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DtSC LOADING 

Figure 3.8. Three Plot Option 
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HELICOPTER DESIGN 

AE 4300/4800 
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POWER VS. VELOCtTY AT ALTITUDE 
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Figure 3.10. Sample Total Power Curve 
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